In this work, Cd (II) adsorption from aqueous solutions was studied on three Algerian clays :bentonite, kaolin and clay of djebal Debbagh; using batch process, these materials were characterized by different methods infrared spectroscopy, x -ray fluorescence, measure of Cation Exchange Capacity (CEC) and specific area, the Adsorption tests were carried out at room temperature. The uptake of cadmium ions from aqueous solutions to the clays has been studied depending on contact time, temperature, agitation speed and pH, which was regarded as a principal factor in the analysis of the adsorption process. the contact time for the maximum adsorption required is 240m. The kinetics was correlated well with the pseudo second-order model. The results show that the uptake of Cd(II) increases with the pH increasing in the pH range of 2.0-12.0. The increase of the temperature influences negatively the process of the adsorption, what shows the phenomenon of the physisorption of cadmium ion on the materials tested. The studies of the retention of cadmium ion showed that it is mainly influenced by the physico-chemical properties of used clays. Results show that sorption of cadmium ion was higher by bentonite clay than for others clays. In consequence, the tests allowed us to choose the bentonite as the material, which presents a capacity raised for the adsorption.
Introduction
Environmental pollution with heavy metal gained lately much concern because of their general and specific toxicities. The most toxic heavy metals, namely lead, mercury, nickel, zinc, copper and cadmium can be distinguished from other pollutants, because they cannot be degraded naturally but accumulates in living organisms. Therefore they cause different diseases and disorders even in lower concentrations [1] [2] [3] [4] . The major important sources of heavy metal pollution in water are wastewaters and agricultural sources. The presence of heavy metals in the wastewater from various industries is accumulating in the ecosystem which causes serious risk to the environment and endangers public health.
Cadmium may be found in wastewater discharges from the electroplating industry, the manufacture of nickel-cadmium batteries, fertilizers, pesticides, pigments, dyes and textile operations [5, 6] . In humans, nausea and vomiting has been recorded at levels of 15 mg Cd 2+ /L with no adverse effects at 0.05 mg Cd 2+ /L. Severe toxic, but non fatal, symptoms are reported at concentrations of 10-326 mg Cd 2+ /L of cadmium. The kidneys are the critical target organs after ingestion (renal dysfunction, hypertension and anemia) [7, 8] .
Therefore, various methodologies have been used for the removal of heavy metals from industrial wastewater such as electro chemical, ion exchange, membrane filtration, reverse osmosis and chemical coagulation, etc., however each method has its own shortcomings and limitations [9] [10] [11] . Adsorption is one of the efficient methods due to its simplicity, sludge free operation; easiness in handling, availability of various adsorbents, adsorbent can be regenerate and more efficient in removal of heavy metals at lower concentration levels [12] .
The clay minerals, being important constituents of soil, have been playing this role, by acting as a natural scavenger of pollutants from water through both ion exchange and adsorption Mechanisms. The high specific surface area, chemical and mechanical stability, layered structure, high cation exchange capacity (CEC), Bronsted and Lewis acidity, etc., have made the clays excellent materials for adsorption [13] . Adsorption of metal ions on clay minerals may occur via two mechanisms: outer-sphere adsorption, which occurs primarily on the basal planes existing in the interlayer of the clay minerals, and inner-sphere adsorption, which occurs at the amphoteric ligand sites existing on the edges of clay minerals [14] .
The objective of this study is to study adsorption of cadmium onto three types of Algerian clays and to investigate the influence of various experimental conditions. The adsorption kinetics was determined quantitatively by pseudo-first order and pseudo-second order models and the adsorption mechanism of Cd (II) on clays was discussed.
Materials and Methods

Chemicals
A stock solution of Cd(II) was prepared by dissolving required amount of Cd(NO 3 ) 2 .4 H 2 O in double distilled water.
Clays
These clays were chosen according to their different chemical and mineralogical characteristics to represent substantially the different behaviour regarding the heavy metal sorption. Three Algerian clays minerals, bentonite, kaolin and Djebal Debbagh clay. The bentonite used during our work is extracted from the deposit of Hammam-Boughrara to Maghnia ( Tlemcen). It was supplied to us by the company (ENOF), Tlemcen. The used kaolin results from the deposit of Tamazert (Mila), and the clay of Djebel Debbagh extracted from the deposit of Ain Barbar (Guelma), these clays were supplied to us by the company of ceramic of Ghazaouet (Tlemcen). The three natural's clays were finely crushed. Physico-chemical properties of each material are given in Table 1 .
All materials were used as received without other treatment apart from drying at 100
• C for 1 h to remove excess moisture, and then kept in a desiccator until analysed water.
Batch adsorption studies
In each experiment, a 300 mL metal ion (100 mg /l) was continuously stirred at 500 rpm with 1 g of clay at ambient temperature. The contact time was ranged from 5minTo 360mn.The concentrations of the cadmium ions in the solution were determined at given time intervals. After agitation, the suspensions were centrifuged at 2500rpm for 10min and the cadmium ions concentration in the supernatants was measured by atomic absorption spectrophotometer. Quantity q t (mg/g) of the cadmium ion fixed per gram of the adsorbent was determined as follows: Table 1 presents chemical composition of natural clays used as adsorbent in this study. We found that these clays contain a large ratio of SiO 2 . The report SiO 2 / Al 2 O 3 for the bentonite is in agreement with the one of the montmorillonite understood between 2 and 5.5. [15, 16] . We notice that the chemical composition of our kaolinite comes closer a lot that the one of the Indian kaolinite. [17] 
Specific area
The measured specific area of the three adsorbents are given in Table 1 . The specific area of Djebel Debbagh Clay was increased to 49.69 m 2 /g. The bentonite had a specific area of 23.76 m 2 /g and 22.71m 2 /g for the Kaolin.
Cation exchange capacity (CEC)
Bentonite has a very large CEC ( Table 1 ) compared to that of kaolin and Djebel Debbagh Clay, the values obtained being 5.2 meq/100g (kaolin), 13.8 meq/100g and 80 meq/100 g (bentonite). The CEC of the djebal Debbagh clay is situated inside the interval for clay of type illite or chlorite the values found in the literature concerning CEC of bentonite and kaolin confirm our obtained results. [15] 
Infrared spectra analysis
The infrared spectrums of the clays are given in figures 1, 2 and 3. While the band assignments of Bentonite, Djebal Debbagh Clay and Kaolin are shown in Table 2 .
Figure1. Infrared spectra of bentonite 
3.2.
Kinetics study Fig.4 shows the adsorption kinetic curve of Cd(II) on clays sample, the adsorption amount initially increases rapidly and then it slows down as equilibrium is approached. The adsorption of the cadmium ions shows that the equilibrium was attained only after 240 min with a rate of 79.4 % adsorption. The values of q t by using the bentonite as adsorbing are increased with regard to the other clays. At the equilibrium, the bentonite fixes more cadmium ions than the kaolin and clay of djebal Debbagh. The results obtained are summarizing in Table 3 . At the same time as the kinetic study of adsorption of cadmium ions on these clays, we followed the evolution of the initial pH of the solutions, which is represented on Fig 5 . Therefore, the results of the final pH for the cadmium ions with three clays are grouped in the Table 4 . For better understanding of this phenomenon, we studied the evolution of the pH of a distilled exempt water of cadmium ions in touch with the bentonite, clay of Djebel Debbagh and the kaolin in the same operating conditions as previously. The In order to optimize the design of an adsorption system to remove the cadmium ions, it is important to establish the most appropriate correlation for the kinetic data for each system. Several kinetic models can be used to express the adsorption rate constant of solutions on solids. The adsorption kinetics was tested with the following well-known models:
Pseudo-first order kinetics by using the Lagergren equation [18, 19] For the pseudo-second order kinetics [20, 21] , if the pseudo-first order kinetics does not properly account for the kinetics of the adsorption process, pseudo-second order kinetics may be applied by the linear equation, The kinetics of clay-Cd (II) interactions was tested with different models. The pseudo second order kinetic plots of t/qe versus t are of better linearity. The uptake of Cd (II) was the most rapid in case of bentonite and the slowest for kaolin and djebal debbagh clay. A comparison of qe values (experimental and those obtained from the slopes of the pseudo second order plots) shows a much better agreement (Table 6 ), kinetic data fit this model with a correlation coefficient higher than 0.99. 
Effect of pH
To determine the effect of pH on adsorption of cadmium ions by clays, different pH levels (2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12) were prepared by adjusting the pH to desired initial pH value using 0,1N HCl or 0,1N NaOH before mixing the adsorbent. Fig 9 show that adsorption of metal ions was increased with an increase in pH up to a certain value and there after decreased. The maximum adsorption for Cd (II) took place surrounding pH 6-7, then decreases from this pH. An increase in pH increases the negatively charged nature of the sorbent surface. The decrease in the removal of metal Ions at a lower pH is due to the higher concentration of H+ ions present in the reaction mixture which compete with the Metal ions for the sorption sites on the sorbent surface. Mean-While the observed decrease in sorption at higher pH is due to the formation of insoluble hydroxyl complexes of the metal ions. [22, 23] 
Effect of temperature
Temperature has vital effect on adsorption process as it can influence the process by an increase or decrease in the amount of adsorption. The effect of temperature on the adsorption of metal ions by using different clays was studied in the range of 15-55 °C. The results (Fig 10) show that the quantity of the cadmium ions adsorbed decreases with the increase of the temperature, what suggests that we are in the presence of a phenomenon of exothermic adsorption. 
Effect of agitation speed
To study the influence of the agitation speed on clays, we chose the range of agitation speeds of 0-1000 rpm. The capacity of adsorption of cadmium ions is obtained with agitation speed of 400 tpm (Fig 11) , which assures a good distribution of adsorbats towards clays. In the case of the high agitation speeds, we notice a decrease of the adsorption capacity of adsorbats. While, for the absence of agitation speed, we notice a very significant decrease of the capacity of adsorption of adsorbats.
In conclusion, clay minerals (bentonite, kaolin, and djebal debbagh clay) are cable to remove Cd (II) from an aqueous solution. This study investigates the factors affecting the adsorption of cadmium ions on clays, the adsorption capacities also depend on the type of clay used. Increasing pH of metal ion solutions increased the amount of the metal ions adsorbed. The adsorption mechanism of Cd (II) on clays may be explained in two aspects: the chemical binding between Cd (II) ions and surface hydroxyl groups; and the electrostatic binding between Cd (II) ions and the permanent negatively charged sites of clays. The adsorption kinetics is in better agreement with pseudo-second order kinetics.The kinetics of adsorption of Cd(II) on clays allowed us to choose the bentonite as the best adsorbing.
